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THE quality of the gears in a high-grade machine 
tool determines its performance. 

One well-known machine-tool builder finds 0.35% 
Moly Chrome-Molybdenum iron meeting all require- 
ments for main and intermediate gears in an auto- 
matic crankshaft lathe. The iron is wear-resistant 
enough to assure maintenance of original tooth 
profiles, thus eliminating tool chatter. Its structure — 
and therefore its strength—is uniform. There is no 
trouble from porosity at the bases of the gear teeth. 
This Chrome-Moly iron also holds down production 


LOW COST 


costs. It is comparatively inexpensive. It machines 
easily. And in the case referred to above there has 
never been any waste from defective castings since 
it has been adopted. 

If resistance to wear, uniform strength, plus eco- 
nomical production are vital requisites in the gears, 
pulleys or similar machine parts you make or use, 
investigate Moly irons. Our book, “Molybdenum 
in Cast Iron,” is free to engineers and production 
executives. Climax Molybdenum Company, 500 Fifth 
Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 
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In 1935, after work on the New York Herald Tribune 
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developed from the subjects he elected in course [X-B. 
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end of which time he received his Doctorate. He 
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Previous to this he had served as head of aircraft 
design for the Naval Department, during which time 
he designed the airship Shenandoah and the NC4, first 
plane to ‘ly the Atlantic. He is also affiliated with vari- 
ous companies and societies, among them being the 
Goodyear Zeppelin Corporation, and the American 
Physical Society. 


EDWARD LINDLEY BOWLES, author of 
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professor of Electrical Communications at the Institute 
since 1937, graduated from Tech in 1922 with an S.M. 
degree in Electrical Engineering. He first taught in the 
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the Department of Electrical Communications. Previ- 
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Technology he had attended Washington University 
in Missouri. 
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Editor American Aviation 


T is with an entirely new outlook that scheduled 
air transportatiou in the United States approaches 
1939 and the future. Last year at this time, air 
transport’s problems were confused and prospects 

uncertain. The long-term picture had always been 
bright, but the immediate future was cloudy. During 
1938, however, came the greatest progress from the 
standpoint of basic economic and regulatory stability 
since the industry came into existence twelve years ago. 

At the beginning of 1938, for example, the airlines as 
a whole had experienced a loss of more than $3,000,000. 
Winter accidents had cut passenger revenue severely. 
All but a few lines were losing money and were facing 
the prospects of another year in the red. But most 
important of all, the relationship of the industry with 
Washington was anything but satisfactory. Mail con- 
tracts on a number of lines did not give fair remunera- 
tion for service; the airlines had three bosses in Wash- 
ington instead of one; and the drive for a basic federal 
aviation act had resulted in confusion and interdepart- 
mental bickering. In short, the industry and those 
agencies in Washington concerned with it, had a demor- 
alizing case of jitters. 

In spite of all the uncertainties with which the year 
began, canes 1938 is drawing to a close with many 
of the basic problems pertaining to scheduled air 
transportation either solved or in the process of being 
solved. Before the Seventy-Fifth Congress adjourned, 
it passed the Civil Aeronautics Act of 1938. This act was 
more immediately beneficial to scheduled air transport 
than to any other phase of aeronautics. By August this 
new federal regulatory body had begun to function. 
For the first time all civil aviation found itself blessed 
with one supervisor instead of several. While it is too 
early to appraise the Civil Aeronautics Authority upon 
the basis of its accomplishments, it can be said that the 
situation had previously been so unsatisfactory that the 
industry was willing to accept almost any plan. What 
Congress actually supplied was one of the most compre- 
hensive and constructive pieces of legislation ever 
enacted for a public carrier. 

Until passage of the Civil Aeronautics Act, the 
industry had been in an anomalous position. The air- 
lines were public carriers, but there was no real prece- 
dent for their regulation. Air travel grew at an unbe- 
lievable rate and regulatory procedure was hard put to 
keep 4 with expansion. All of the tribulations which 
beset the carriers were, of course, mere growing pains, 
but the expansion of air transportation was something 
akin to the speed of air travel itself. The industry was 
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in an acute condition economically, a situation which 
needed to be remedied immediately. Yet in the long- 
time view, it is rather remarkable that an industry 
which carried only 5,782 passengers in 1926 and 417,505 
in 1930, should obtain, in the short space of twelve 
years, a complete and basic federal regulatory act. The 
railroads, in contrast, waited fifty years for the Inter- 
state Commerce Commission. 

It will be recalled that the airlines were mail carriers 
in the beginning. Just as the Post Office Department has 
initiated so many features of our communication and 
transportation system (the Bureau of Public Roads was 
born in this department), so it was logical that the air 
mail should be the start of an air transport system. But 
within twelve years air mail was to be relegated in 
importance from first to second place, for today the 
revenue for carrying mail accounts for only one-third of 
the total revenue of the airlines. It soon became unten- 
able that a public carrier should be almost completely 
controlled by the Post Office Department, an agency 
concerned solely with the dispatch of the mail. Several 
years ago Congress authorized the Interstate Commerce 
Commission to establish air mail rates, but the authority 
was neither broad enough to solve the problem nor small 
enough not to cause constant confusion. 

In considering the economic and financial stability 
of the air transport industry, it is most important to 
consider the fact that not until the passage of the Civil 
Aeronautics Act did the airlines have any security of 
existence, for they were operating under mail contracts 
which might at any time be cancelled. In 1934 the Post 
Office Department did cancel the contracts with result- 
ing financial losses and chaos. The new contractors 
were fully cognizant of the danger of cancellation. 
Under the new act all lines operating in the early part of 
1938 were given route franchises—certificates of con- 
venience and necessity. These certificates (routine 
hearings on these began in October, but there is little 
doubt that any airline will be refused one) give the 
industry the first real operating security and perma- 
nence it has had. 

The question of security is a broad one. An air 
carrier must own and maintain the highest type of 
equipment. Acquisition of such equipment means a 
substantial investment. There are ground facilities that 
must be purchased and maintained. Traffic and sales 
departments must be developed for business that cannot 
be built up in a short time. Above all, every major 
airline today must engage in research. Terrain alti- 
meters, direction finders, instrument landing equipment, 
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and investigation upon scores of 
other unpublicized scientific devel- 
opments must be undertaken largely 
at the initiative and expense of the 
airlines. Obviously an air transport 
industry cannot develop soundly 
while it is obliged to carry the mail 
at the cheapest competitive rates 
which the Post Office Department 
can obtain, and without assurance 
of permanent contracts. A public 
carrier must plan for the future and 
build soundly if it is to discharge 
properly its responsibilities to the 
public it serves. 

All of this discussion, however 
brief, must be a prelude to any 
consideration of the financial and 
economic outlook of the airlines. 
The first step toward economic sta- 
bility, franchises, has been obtained. 
The next step is fair pay for carrying 
the mail. The Civil Aeronautics 
Authority is tending toward fulfilling 
this step. The first of the rate 
review hearings has been scheduled 
with indications that many of the 
lines will receive more just com- 
pensation. 

There are those in the industry 


who believe the airlines have been turning in a profit to the Post Office 
Department for the past few years. The department’s own method of cost 
ascertainment does not show such a profit, but a report made by the Inter- 
state Commerce Commission does indicate a sizeable net return for air 
mail. Whatever one’s views may be, the fact remains that it is ridiculous 
to speak of an air mail subsidy when the airlines are doing a just and honest 
job of carrying the mail at rates which have been anything but profitable 
for the carriers. The word subsidy should be banished from all discussions 
of airlines. 

What the industry wants is merely a fair rate of pay for carrying the 
mail, and with this fair rate of pay will come a more stable industry earning 
a fair profit on the investment. It cannot be said today that a just compen- 
sation is a certainty, but it is not too much to say that it is very likely to 
come, eventually. 

Passenger traffic has shown a steady upward trend. The year 1938 
began slowly, and not until June did tabulation of revenue passenger miles 
show the upsurge which should have begun in April. co ati. traffic 
was not as great as had been expected, but autumn traffic has been excep- 
tionally good. Despite several sluggish periods during the past few years 
when the outlook of the industry became gloomy, the figures show steady 
progress upwards. Next year should see a notable increase in passenger 
traffic, provided that an excessive number of accidents does not mar the 
winter. 

The ‘“‘winter crash” season has played a part in the public mind. One 
entire winter without an accident is the po of every airline official, and 
from the standpoint of the public there is no doubt that such a winter would 
be followed by heavy air travel. This winter every possible precaution will 
be taken to avoid even the semblance of an accident. Safety is the by-word. 
But it also can be said that air accidents do not have the same retarding 
effect on travel that they used to have. An example of this is the recent 
incident on an Eastern Air Liner in Alabama. Although no one was injured, 
the accident made the newspaper headlines over the country. The expected 
reaction would have been a fal ing off of traffic. Yet three days later Eastern 
chalked up the peak traffic day of its entire history. American Airlines has 
shown the most phenomenal traffic gain of any company during 1938. 
Three of the smaller lines, at least, have gone into the black side of the 
ledger; namely, Pennsylvania-Central, Continental and Delta. Two major 
lines will lose large sums during 1938, but at least one of these is in a position 
to come out on top in 1939, barring unforeseen mishaps. 

One of the knotty problems facing the industry is that of equipment. 
Several years ago five of the companies joined in a project for a four-engined 
42-passenger transport to be built by the Douglas company. This 
plane, the DC-4, has been completed and is now being tested. Ironically 
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enough, the very lines which wanted this ship several 
years ago were in no mood to think of purchases when 
the plane was actually completed. The truth of the 
matter is that present equipment has been more than 
sufficient for most of the airlines. Too many seats have 
been empty. But observers within the industry predict 
that the mood will change, and that 1939 will find wait- 
ing lists for most airplane schedules. The demand for 
larger equipment will come, probably, before the major 
lines are prepared. One of these has just placed an 
order for five more 21-passenger transports to accom- 
modate current traffic demands. It should also be noted 
that the demand will be not only for larger equipment 
for long hauls and non-stop operations, but for medium- 
sized equipment for local schedules. Many in the indus- 
try feel that more frequent schedules with smaller ships 
are preferable to a few schedules with larger ships. 

t is doubtful if the DC-4 will be flying on any airline 
in 1939, except experimentally. Perhaps not even in 
1940 will the new model be making scheduled flights, 
but the time will come before long when such 40- 
passenger ships will be a common sight. Two other 
large ships are coming out in 1939, the 33-passenger four- 
engined Boeings, of which Transcontinental and West- 
ern Air have ordered six, and the Curtiss-Wright 
two-engined 30-passenger Model 20 which should be 
ready for testing sometime during the year. 

Before new equipment can be purchased the indus- 
try needs $15,000,000 in new financing. It is not possible 
to obtain this new capital until the industry has been 
given a security of existence. It cannot be said in all 
candor that the industry’s picture is rosy at the moment, 
but it is assuredly improving and promising. National 
defense measures now in preparation will have a health- 
ful reflection on the commercial scene, and public 
acceptance of the airplane is steadily gaining. From all 
viewpoints, 1938 has opened up a new era and has paved 
the way for sound expansion. Economically, the next 
few years should be bright ones. 
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Regular inspection is given periodically to the retractable 
landing gear of all transport planes. The plane is jacked 
up, and the gear entirely disassembled and inspected 


155 








































Standard Oil Co. of New Jersey 


HE aeronautical engineer is concerned with the 
design, construction and operation of aircraft, 
including their power plants, equipment, 
armament and accommodations. Perhaps the 

best way to discuss this newest of the engineering 
professions is in connection with the men who have 
created the aerial vehicle that is so profoundly changing 
the political, social and commercial relations of this 
century. The pioneers were aeronautical engineers in 
fact, although without the name. Often they were 
called philosophers. The Wright brothers referred to 
themselves more modestly as experimenters. 

The first men to ride in an aerial vehicle were Pilatre 
de Rosier and the Marquis d’Arlandes who ascended at 
two o'clock in the afternoon of November 21, 1783 in 
the hot-air balloon of the Montgolfier brothers. They 
thus achieved historical immortality from having 
volunteered to replace two prisoners under sentence of 
death, selected by the King for the experiment. Their 
contribution to the advance of applied science was, of 
course, comparable with that of the very first aerial 
passengers, the sheep, the cock and the duck who set 
off in a smaller Montgolfiere two months previously 
from Versailles before the King and Queen, and a large 
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and fashionable assemblage, including the venerable 
American ambassador, Doctor Benjamin Franklin. 

The aeronautical engineers who made such spectac- 
ular flights possible were the designers and constructors, 
the Montgolfier brothers, important manufacturers of 
paper at Annonay near Lyons. They were practical 
men who understood the arts and sciences of their day. 

A hot-air balloon could have been constructed at 
any time in the past thirty centuries. All the materials 
were available. The genius that could design the 
Colosseum of Rome and cover its vast enclosure with 
canvas failed to think of the magic bag that would so 
much have enhanced the show. A simple sketch to a 
Roman tent maker would have been sufficient. How- 
ever, the idea of an aerial vehicle making use of the 
buoyancy of hot air or smoke came to these practical 
Frenchmen at no uncommon time in the history of 
science. 

In 1766 Cavendish proved that hydrogen was 
lighter than air and showed how to make it. Dr. Black 
of Edinburgh immediately explained to his students the 
principle of a hydrogen balloon but did nothing further 
about it. Cavallo in 1782 demonstrated hydrogen soap 
bubbles before the Royal Society of London. He even 
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tried to inflate paper bags with hydrogen but these 
failed to rise. He did not know that his paper was too 
porous to retain the light gas. But the Montgolfiers 
varnished their experimental paper balloons and later 
the man-carrying ones made of fabric. They were 
aeronautical engineers in the modern sense of the word, 
in that they combined available materials in accordance 
with the knowledge of the times. 

A contemporary was Professor Charles, known to 
this day for his law of PV = RT. He was charged by the 
French Academy with arranging for the Montgolfiers 
to repeat their experiment in Paris. They could not 
come at once, but Professor Charles was more than 
equal to the occasion. Aided by the Robert brothers, 
who had recently discovered a remarkably gas-tight 
varnish made by dissolving rubber, Charles constructed 
a hydrogen balloon in which scientific principles gov- 
erned the design. This balloon, known as a Charliere, 
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after its engineer, was destined to supplant immediately 
the hot-air inflated Montgolfiere and to become the 
model for all future gas balloons and the basis for the 
modern airship. Its gas-tight fabric distributed its 
lift by means of a net over the top hemisphere from 
which a basket or car was suspended. Professor Charles 
had the foresight to allow for expansion as the balloon 
rose, by lia of an open appendix at the bottom 
of the balloon. He provided for control of descent and 
ascent by means of a valve in the top of the balloon and 
adequate sand ballast in the car. The operators were 
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equipped with a thermometer, a barometer with tables 
by which the altitude could be estimated, an anchor, 
and a rope for landing. 

On the first of December, 1783, Charles and Robert 
ascended from the Tuileries Gardens. Their first flight 
covered nearly thirty miles, lasting about two hours. 
The balloon landed in a field near Nesle where peasants 
held the balloon while Robert descended. When 
released, the balloon rose rapidly with Charles alone in 
it. The responsibilities of the aeronautical engineer 
seem to have overshadowed the normal reactions to be 
expected of the aerial traveller. I quote from the 
navigator’s own account of this, the first scientific 
voyage into the atmosphere: “In twenty minutes I was 
1,500 fathoms high; out of sight of all terrestrial objects. 
I had taken the necessary precautions against the 
explosion of the globe, and prepared to make the 
observations which I had promised myself. In order to 
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observe the barometer and thermometer, placed at the 
end of the car, without altering the center of gravity, I 
knelt down in the middle, holding my watch in my left 
hand, and my pen and the string of the valve in my 
right. The globe, which, at my setting out, was rather 
flaccid, swelled insensibly. I drew the valve from time 
to time, to give it two vents; and I continued to ascend, 
still losing air, which issued out hissing, and became 
visible, like a warm vapor in a cold atmosphere. The 
reason of this phenomenon is obvious. On earth, the 
(Continued on page 170) 
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Fairchild 24 in flight 


Trends in Private 
Plane Design 


FRANKLIN T. KURT 


E are accustomed to think of the aviation 
business as the most streamlined of them 
all. Yet the engineers, at least the design- 
ers of private planes, rant against the 

conservatism of the sales departments and the general 
blind adherence to tradition of design, at a time when 
whole drafting rooms in large companies are profitably 
at work improving ink-wells! 

One can argue that our present private airplanes 
are nothing more than highly refined versions of 1918 
war-planes. We have recently seen the addition of 
brakes, tail-wheels, flaps, and variable pitch propellers, 
yet every one of these features was first tried before or 
during the war and was shown to be worthwhile, though 
nothing was done about them for years. Our designs 
still put the wings, tails, motors, and wheels in the 
same relative position, though this scheme was evolved 
for fighting machines only. It may be the best lay-out 
of the component parts for pleasure purposes too, but 
nothing else has been tried seriously, and the buying 
public meanwhile holds off. 

The lamentable economic condition of our country 
permitted the sale, this year, of only 1,700 new private 
airplanes; yet there are 60,000 pilots or would-be pilots 
who are at least interested enough to spend ten dollars 
for a student permit. The desire is there, but the sales 
are not. No wonder the private sales business has the 
jitters! 

Maybe the manufacturers are not offering the public 
what it wants, but we are inclined to blame the trouble 
more on the low purchasing power of the country; 
actually there is a fairly wide diversity of types on the 
market, even though few of them are strictly up-to- 
date from the viewpoint of the designer. When one 
can buy anything from a light two-seat ship to a large 
many-passenger twin-engined amphibian, there should 
be some trends appearing to point the way for the 
future. 

A few of these in the past year stand out. The 1936 
and 1938 thirst for speed seems to be waning. While 
prospective buyers still want all the speed they can get, 
they do not make this their dominant demand. The 
desire for lower operating cost is clearly evident. This 
year Fairchild introduced a four-seat model with 
either the Ranger 165 horse power engine, or the 


158 





Warner 145 horse power, and has captured a number of 
sales from the 245 horse power to 285 horse power 
class. Beech, Howard, Stinson and Waco offer planes 
in the higher powered class with Wasp and Wright 
engines, but their lower powered planes with Jacobs 
and Lycomings engines are preferred. 

Probably the most interesting development of the 
year has been that of 50 horse power motors for light- 
planes. Though this is only a ten horse power increase 
and sounds unimpressive, it is, nevertheless, a whole 
twenty-five per cent. It has improved performance to 
such an extent that the planes can do a satisfactory 
job for the private owner instead of merely fluttering 
around an airport on training duty. They now carry a 
little baggage, fly cross-country with a speed that is at 
least useful, and they can take their loads out of the 
same small fields they can get into. 


Interior view of 4-passenger Cessna Airmaster 
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Aeronca, Luscombe, Piper Cub, and Taylorcraft, 
which all have 50 horse power models, report a much 
higher proportion of strictly individual owners on their 
delice? lists. Cub has just introduced a new side-by- 
side model that is definitely stressed for more than 50 
horse power. 

It is probable that the older 40 horse power light- 
planes will remain popular with operators as training 
ships. On the other hand, we expect still greater 
increase in the power available for light-planes. The 
result should be a class around the 70 horse power level. 
This power would provide longer ranges, still more 
speed, and the ability to carry extra equipment such as 
batteries, starters, radio receivers, and a little more 
baggage. Such a ship would be slightly more expensive 
to buy and maintain, but would provide all the essen- 
tials and would likely become a stable classification for 
some time to come. 

Above the light-planes comes a fairly well defined 
group represented by Monocoupe, Porterfield, Security, 
Rearwin, Luscombe “90,” and Dart, a new-comer. It is 
shortly to be joined by a three-seat Bellanca with 
retractable landing gear, and a new side-by-side Rear- 
win. The price-performance ratio in this class is 
extremely high, and one wonders why it is not still more 
popular. We would expect it to capture many buyers 
from below who had outgrown light-planes, as well as 
many thrift-seekers from the price brackets above. 

A middle group including Ryan SC cabin, Cessna, 
Fairchild, and Waco Standard can best be described 
as really luxurious airplanes of medium capacity, though 
Waco with a 225 horse power Jacobs engine carries five. 
Above this group lies the well-known luxury class 
including Stinson, Beech, Waco Custom, and Howard. 
Still higher on the scale are the “flying yachts,” the 
Beech and Lockheed twin-engined ships, the Fleet- 
wings, and twin-engined Grumman amphibians. 

This year has practically. marked the extinction of 
open airplanes. The Ryan ST has had the field almost 
to itself, though open Wacos built to order in the “F”’ 
series are still available. Even these have sliding hoods 
on the pilot’s cockpit. Ryan already has its cabin ship 
available and although the open ST is sure to hang on 


Model F17D 330 H.P. Jacobs-Beechcraft in flight 
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a little longer, open ship sales will probably fade to the 


vanishing point within another year. They have gone 
the way of the linen duster and goggles in automobile 
history. 


It is a perennial puzzle to everyone in the industry 


that there are not more amphibians available. It is 


conservative to say that one-half of the private owners 
would prefer such a ship. Certainly one-quarter of them 
would make real sacrifices to get one. Surely the state 
of the designing art permits the creation of a none-too- 
expensive, good, small amphibian with the sacrifice 
either in the matter of decreased load with a given 
power, or increased power to keep the equivalent land- 

lane performance and load. The White and Spencer- 
ea efforts are interesting, and these ships may reach 
the market in 1939. 

Departing from the conventional war-type design, 
Stearman-Hammond put a plane on the 1937 market, 
which made several sales. Although the plane was not 
for sale during 1938, there is still definite interest in the 
plane. The name of this type of plane, the “safety 
plane” indicates a hope rather than an accomplish- 
ment. Planes will never be safer than their pilots, and 
all planes in common use today have reached the stage 
where the accident records are now open to analysis 
according to pilot temperament more than lift co- 
efficients at wing-tips. Nevertheless, the whole indus- 
try has shown a real interest in some of the innovations 
the type suggested, and their safety will lie more in the 
protection they will give the purchaser’s investment 
from sudden depreciation than his body from unex- 
pected assault and battery. 

Among these innovations should be listed the tri- 
cycle landing gear, better visibility, two-control (elimi- 
nation of the rudder control), and the relocation of the 
propeller to a place where it is not a menace on the 
ground. 

Of these, the tri-cycle landing gear is most impor- 
tant, because of the safety gained from ground stability. 
It has been an incongruity that airplanes have been 
stable in the air where they never get into trouble any- 
way, yet unstable on the ground where most damage 
occurs. A canvass of prospective plane owners indicates 
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that it is neither fear of injury, nor the first cost of pur- 
chase that holds them back; it is the fear of expensive 
damage to their ships if they fumble a move on the 
ground. Nose-overs although the stupidest are still the 
most common method of making a sudden stop. 

The tri-cycle landing gear reached the market this 
year on the Waco “N.” The ship sold in fair numbers 
—neither rejected nor widely accepted, but there is 
no doubt that the gear is proving its worth. It solves 
most of the problems of ground handling. Its distinct 
disadvantages of increased weight, cost, and drag are 
not insurmountable. 

A fixed three-wheel gear offers more than fifty per 
cent more drag than a fixed regular gear, for it not only 
has one more large wheel, but it is placed directly 
behind the propeller on single engine tractors, where it 
is buffeted unmercifully and even backwinds the 
propeller. It is our opinion that tri-cycles will come 
steadily into vogue, but that the wheels will be retracted. 
The additional weight of the retracting mechanism will 
be nearly if not entirely offset by the abandoning of 
heavy cantilever legs for light tripod structures which 
fold. Also the cost of the retracting elements will be 
well met by the saving in the elaborate fairing and pants 
needed on a fixed gear. The Vega Aircraft Company is 
now building a very interesting monoplane with a 
retracting three-wheel gear. 

All these features throw the emphasis back to flaps 
where a change is in order. Flaps were adopted by 
private ships a few years ago as a drag producing device 
to steepen the approach glides on “slippery” ships. 
Their increased lift was a secondary consideration then. 
New flap designs that produce a relatively high lift 
at a low drag when deflected through small angles, have 
now entered the picture. This is a material help to 
take-off, particularly if a controllable propeller is pres- 
ent to give an increased increment of power. But more 
important, these take-off flaps produce a high lift at 
low speed without increasing the angle of attack of 
the wing. A plane, therefore, also equipped with tri- 
cycle landing gear, which keeps the wings parallel to 
the ground, can take off without the need of violentiy 

ulling down the tail to increase the attack of the wing. 

his action on the existing tri-cycle ships has pushed 
the rear wheels deep into soft mud or snow just at the 
instant that the plane was attempting to lift free. 
The Gwinn Air Car of the past year did have take-off 
flaps and convincingly demonstrated their need. 

The next thought is to ask where all this complica- 
tion on small private ships is leading us. Are we not 
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advancing efficiency too far at the expense of simplifi- 
cation? If we are, the controls of all these flight aids can 
be consolidated into one lever, giving both efficiency 
and simplicity. Imagine a short lever protruding from 
the floor to fit the pilot’s right hand. Its motion will 
control the flap setting, the trimming device on the 
elevators, the landing gear retraction control, and the 
prop setting, though the latter may eventually become 
an automatic feature. The lever quadrant might be 
marked, “Cruise,” “Take-Off,” “Landing,” and ‘Full 
Flap.” It is true that the sequence in which the various 
controls will be operated will not be the same on the 
reverse motion of the lever as in its forward motion, 
but that should merely be a small problem in switches, 
latches and stops. What could be simpler? It leaves 
the pilot only his air controls and throttle. 

he simplification of the air controls by eliminating 
the rudder, and turning with aileron alone has now been 
demonstrated successfully on several airplanes. The 
development will probably not become overly popular 
because the handling of a plane with three controls is 
not difficult. Unless perfected and used on a plane free 
of steerable nose-wheel friction and propeller torque 
effects, it may complicate blind flight in rough air, at 
least with existing instruments. Undoubtedly it is a 
safe system of control, but three-control airplanes may 
be made, and are made, equally safe when the same 
amount of design effort and thought is applied. 

There is an increased interest in planes with pusher 
propeller arrangement, and many such ships are flying 
experimentally, several with the engines inside the 
fuselages and with external propeller drives. Their 
many advantages of increased visibility, longer wheel- 
base for tri-cycles, reduction of drag, and elimination 
of motor smell, oil, and noise from the nose may bring 
them into favor. 

Strangely enough, there seems to be no significant 
trend in engine design in the small classes, though there 
is a wealth of normal progressive development. A few 
very interesting developments are running on the test 
stands, but they are still far from the market. Diesels 
are always the subject of animated conversations where- 
ever technical men meet, but they are almost certain 
to appear in the larger classes first. 

Very much the same comment can be made regard- 
ing instruments; a cheap and simple blind-flight instru- 
ment would be a gold mine for its originator. 

There are some definite trends discernible in 
methods of construction. Cantilever wings and mono- 


(Continued on page 179) 
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Figure 1 


at Technology 


HE airplane of today epitomizes man’s achieve- 
ment in the technical sciences. Because this 
aeronautical child of science was born in an 
age of bold scientific and industrial activity, it 

has grown at an unprecedented rate comparatively free 
from the stunting effects of tradition. 

The rapid assimilation of the airplane by our trans- 
portation structure has been startling. Thus already 
we are not satisfied to be limited to travel by air only 
when the weather permits. Although the commercial 
airlines maintain iadales whenever it is safe to do 
so, the weather does, nevertheless, assert its will, 
grounding planes too frequently as measured in terms 
of ideal service. 

The first step made in overcoming the weather 
limitation to flying was by way of its amelioration 
through the introduction of a weather-reporting serv- 
ice peculiar to the needs of aviation. This service, 
developed by the meteorologists, immediately created 
the need of electrical communications facilities for the 
distribution of this information quickly. This provided 
a natural entrance for radio into the aviation field. 

The second step was taken by developing instru- 
ment-flying methods to a stage where they could be 
applied to enroute flying. Enroute instrument flying is, 
of course, now commonplace in our commercial airline 
service. Although instrument flying represents a 
great advance in flying technique it can not be consid- 
ered to have been carried to the point where it is yet 
feasible to land a load of passengers under conditions of 
zero ceiling. In other words, today, in commercial air- 
line service, the pilot must be assured of a high enough 
ceiling ahead of San at his destination so that once he 
has “‘let-down-through” the overcast he can make a 
routine contact landing. 

For some years radio guides known as “radio- 
ranges” have been in successful commercial operation 
and are now the basis of safe cross-country instrument 
flying. By flying a radio beam toward its source it is 
possible to fly in or above an overcast and to know 
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rar: SPOT PATTERN LOCATION AND ORIENTATION 


Location in vertical reference plane (VRP) and 
in inclined reference plane (IRP) - that is, 

on landing reference path (LRP). Climb orien- 
tation correct for landing. 





















Location in VRP but above IRP. Climb orien- 


tation correct for landing. 






Location on LRP. 
than for landing. 


Climb orientation steeper 











Location in VRP but above IRP. Climb orien- 


tation steeper than for landing. 






Figure 3 


Instrument Landing Researeh 


EDWARD L. BOWLES 


when the airplane is directly above the transmitting 
station or beam source. Instrument landing is now a 
routine procedure provided the ceiling is sufficiently 
high to enable the pilot to make a normal contact 
landing at his destination. 

Under present-day status of the instrument flying 
art, however, it is not yet feasible for a commercial air- 
plane to make both an instrument approach and also 
an instrument landing as a safe or routine procedure. 
Thus it may be said that the present serious limitations 
are in the final landing operation. Since the remainder 
of the instrument flying technique is comparatively 
well developed it is quite natural that instrument land- 
ing, since it is now the one remaining factor which 
limits the freedom of an airplane in bad flying weather, 
is a very live and important subject of research. 

The instrument landing problem has been studied 
by many individuals in many organizations. Space 
does not justify even an outline of the exceptional work 
that has already been done. This pioneering work has 
led the art to the verge of a satisfactory practical solu- 
tion of the commercial transport planes’ instrument 
landing problem. 

Many hooded and many actual blind landings have 
already been made. Pioneers in this art are Doolittle 
and Hegenberger, Army men of outstanding capacity 
and skill. More recently commercial organizations, 
including some of the airlines, have made successful 
instrument landings. 

Already there are instrument landing systems that 
have been tested by airlines, such as the Lorenz sys- 
tem, the Bendix system, the Air-Track system, and 
no doubt others less publicized. These systems in gen- 
eral have the common features of a radio-range beam 
to bring the airplane to the airport, a local beam to 
direct the airplane down the center line of the runway 
(a runway localizer), a landing beam termed a glide 
path down which the airplane flies in making landings, 
and vertical (marker beacons) beams to give informa- 
tion as to the distance of the airplane from the airport. 
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Figure 2 


Horn type directive radiators that produce two of the radio 
beams used in the instrument landing system. These 
beams overlap and, at their intersection, determine the 
inclined reference plane (see Figure 1). The horns are 
built of plywood with copper linings and are about 25 
feet long, 10 feet high at the mouth, with an angle between 
the sides of 20 degrees. With their respective transmitters 
they operate on a wavelength of about 50 centimeters. 





Diagram at Right: Patterns produced by ground stations. 
Horns as shown in the photograph produce up and down 
beams. 


These methods are all outgrowths of an early develop- 
ment of the Bureau of Standards. For the benefit of 
the radio minded reader it may be said that in all these 
systems the airplane is kept on the glide path by oper- 
ation of the airplane controls to maintain constant 
signal strength in the landing beam receiver. 

Despite the positive results that have been obtained 
with these systems it is manifest that the successful 
instrument landing system for the commercial airplane 
carrying a load of passengers is not yet here. 

everal years ago, with this landing problem upper- 
most in his mind, Irving R. Metcalf § the Bureau of 
Air Commerce (now the Civil Aeronautics Authority), 
placed before M.I.'T. for its consideration an instru- 
ment landing method that looked so promising to us 
that we agreed to undertake a research for the Soon 
to determine its feasibility. We are now in a second 
year of the project under contract with the Civil 
Aeronautics Authority. 

The Metcalf idea as outlined to us was based on 
Mr. Metcalf’s experience in landing an airplane by 
means of the intelligence conveyed by three light sources 
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Figure 4A 


Figure 4B 


Maerker Beacons 





placed one in the center line of the runway and one at 
each side of the runway at equal heights as indicated in 
Fig. 1. By the arrangement shown, assuming the lights 
to be visible through an imaginary instrument-face 
window with vertical and horizontal cross hairs in the 
windshield, the pattern of the lights as seen by the pilot 
would be readily related to the position of the airplane 
with respect to the runway wo | also its attitude. By 
camera-like optical means images of these lights may, 
of course, be reproduced on an instrument face. 

The three lights determine an inclined plane in 
space, the angle of which may be adjusted to be the 
normal gliding angle of an airplane. This plane may 
conveniently be called the inclined reference plane. 
Similarly the center line of the runway, containing the 
center light source will determine a vertical reference 
plane in which every point is equidistant from the two 
outer lights. The intersection of these two planes forms 
a landing reference path. The pilot of an airplane fly- 
ing down this path, level and headed toward the center 
light will see the three lights equally spaced and on a 

(Continued on page 180) 
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EDITORIALS 


CIVIL AERONAUTICS ACT OF 1938 
AND DEMOCRATIC GOVERNMENT 


Democracy stumbles and muddles. It is too slow 
for the man on horseback. 

But now and then it takes a great stride forward to 
catch up with the times. Those strides confound its 
critics. 

During the last session of Congress our democracy 
took one of those strides when it adopted the Civil 
Aeronautics Act. 

To us in aeronautics that Act means much. But it 
may prove of even deeper significance to the nation at 
large. For it represents the first attempt by Congress 
to meet and master a fateful problem of modern 
democratic government. 

In adopting legislation for civil aeronautics, Congress 
faced a situation almost without parallel. 

In the = place, the industry embraces not only 
commercial carriers but almost all other civil fliers. 
In the second place, the industry covers not only domes- 
tic commerce but also commerce with foreign countries 
in aircraft under both our flag and the flags of other 
nations. In the third place, the problems of the industry 
involve matters both of economics and of safety, inti- 
mately interrelated and of equal importance. In the 
fourth place, the industry, despite its present relatively 
modest size, is of peculiar significance to basic national 
interests in both our peace-time and war-time life. 
Finally, and this is of first importance, the need for 
legislation springs not at all from a need to protect the 
public from exploitation. 

The task of Congress in framing the Civil Aero- 
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nautics Act was, then, to deal with a subject matter the 
scope and variety of which cannot be matched in the 
case of any other industry, with ends in view altogether 
different from the ends with which regulation has nor- 
mally been concerned. Obviously, Congress would have 
invited trouble had it simply provided for an independ- 
ent commission, equipped with a number of powers to 
deal with the civil aeronautics industry. Planning, 
promoting, regulating, experimenting, studying, polic- 
ing — a cluster of powers to secure the accomplishment 
of all that was necessary would have presented a new 
record of confusion. 

Happily Congress took steps to avoid this impasse. 

The steps are four in number. 

1. The first of the Act provides that in addition to 
an independent Authority there shall be an Administra- 
tor, responsible directly to the President, whose duty 
it will be to undertake the promoting of civil aero- 
nautics, to provide for the establishment and mainten- 
ance of airways and landing fields whereby air com- 
merce can operate, and to engage in development work. 

2. The second step taken by Congress provides that 
the Authority may assign to the Administrator powers 
and duties other than those specifically vested in him 
by the Act. 

3. The third step provides for a Safety Board 
charged with the duty of investigating accidents and 
making recommendations for improved safety measures. 
Through this Board the Authority will be able to 
secure criticism of its own work in a forthright manner 
which would be otherwise impossible. 

4. Finally, Congress has established the means for 
simplifying the Authority’s task both in the immediate 
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and distant future. It is provided that when agree- 
ments between carriers are approved by the Authority 
the execution of those agreements will be free of the 
anti-trust laws. By this conditional exemption from 
the anti-trust laws the industry is given a chance to 
govern itself, to eliminate abuses, to conserve its 
resources, and to forestall the necessity of further 
governmental regulation. The Authority, on its part, 
is to see that no oppressive or unreasonably discrimina- 
tory agreements are permitted. 

Therefore when I say that we may anticipate a new 
era of governmental activity and leadership, marked 
not only by regulation but also by a greater degree of 
planning and promotional work, and that the pressing 
problem of our democracy is to provide administrative 
machinery which will operate fairly and efficiently in a 
business-like way, I do not mean that I expect our 
democratic state to do the work of industry. There 
remains for industry, so long as our system endures, its 
own task to be done by it and it alone — and the pre- 
rogative of performing that job should be as jealously 
guarded as the Bill of Rights. 

Through the administrative agency government 
provides the medium for a partnership with industry 
in the one enterprise which commands the unswerving 
devotion of all of us — the public service. Each partner 
has his own appointed function. In the Civil Aero- 
nautics Act the Congress has made a new effort to 
facilitate the operation of that partnership by making 
it possible for government to keep abreast of the new 
duties and burdens of the modern era with a more 
efficient machinery. The Civil Aeronautics Authority, 
we may be sure, will put that machinery into operation 
in the spirit which motivated Congress. We may be 
equally sure that the other partner, the civil aeronautics 
industry, will rise to the occasion. In the successful 
administration of this Act, and in the growth and devel- 
opment of this industry, we shall not fail. 


Cot. Epcar S. GorrELL, 
President of the 


Air Transport Association of America. 


THE POT AND THE KETTLE 


The latest poll conducted in the Institute was, 
according to The Tech, a flop. Why? Because it cov- 
ered too small a number of people to be truly represent- 
ative of the opinion of the student body of Technology. 
Its coverage of approximately 400 out of the 3,000 
students, or about 13 per cent, was, however, better 


Boeing 307 Mock-Ups 





DECEMBER, 1938 





than the returns usually obtained in such balloting. 

Comparison of the figures for a poll conducted 
through what might be called “personal solicitation” 
with the mail campaigns carried on by business and 
statistical organizations is not precise, but it must be 
pointed out that returns from about four per cent of 
the persons solicited is considered good in a mail 
campaign. 

On careful consideration we see that The Tech has 
very little ground for their contention that the poll was 
not truly representative. A comparison with the results 
which they have obtained in similar polls, and broad- 
cast as the student body’s opinion, shows that the two 
are quite comparable. The portion of the student body 
which responded to The Tech’s polls varies from 10 to 
25 per cent of the total enrollment, depending on several 
factors such. as: general interest in the question being 
voted on, the amount of time that students had between 
classes in which they would go through the lobby and 
mark the ballots, and even the fact that inclement 
weather forced them to go through the main lobby 
instead of across the great court. 

The Tech’s analysis of the results of the poll is quite 
well considered. It is indeed amazing that such a large 
number of people believe in their ability to drink 
“sensibly,” and then state that they enjoy the mark of 
the ultimate in “‘not-sensible” drinking, a “good binge.” 
This response is of course quite asinine, and lends sup- 
port to the view that the students generally believed 
that the poll was a publicity stunt carried out by 
Voo Doo. 

What is really important about this news story is 
not that the pot is calling the kettle black, but that the 
writer of this story made editorial comments upon the 
results that properly belonged in the editorial columns 
of the paper. Making editorial comments, on the Edi- 
torial Page, is the first duty of an Editor, but his other 
equally important duty is to see that the news is 
reported as such, and is not colored with the writers’ 
opinions. 


PRE-FLIGHT TESTING OF 
LARGE COMMERCIAL AIRCRAFT 


Long before the large modern commercial trans- 
port takes to the air on its initial flight, innumerable 
tests have been conducted which leave little doubt 
about its airworthiness and the proper functioning of 

(Continued on page 177) 
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BRANIFF AIRWAYS 
CONTINENTAL AIR LINES. 
MID-CONTINENT AIRLINES 
PAN AMERICAN AIRWAYS. 
UNITED AIR LINES 


LOCKHEED AIRCRAFT 


Airline procedures for maintenance have evolved from 
systematic research and development over a period of years. 
This program of refinement has been augmented by the aircraft 
manufacturers who have continually met the demands of air- 
line operators for aircraft improved to their needs. 


. CENTRAL VERMONT AIRWAYS 
DELTA AIR LINES . EASTERN AIR LINES 
NATIONAL AIRLINES 
PENNSYLVANIA-CENTRAL AIRLINES 

WESTERN AIR EXPRESS 
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WRIGHT BROTHERS WIND TUNNEL 


Most spectacular of Massachusetts Institute of 
Technology’s recent developments is the wind tunnel 
designed by Dr. Peters of the Aeronautical Engineering 
Department and dedicated recently to the Wright 
Brothers, in recognition of their experimental methods 
of airplane development. 

The tunnel is a welded, rectangular metal tube, 
ninety feet long and forty-five feet wide, varying in 
diameter from ten to twenty feet. Adjoining the tunnel 
is a small, yellow brick building, which houses the 
recording instruments. The tube at present is uncov- 
ered and unpainted, but after oxidation has roughened 
the surface, a coat of aluminum paint will be put on. 

The principal feature which distinguishes this 
tunnel is the control of the air pressure in it. There are 
a few smaller tunnels in which the pressure can be 
raised, but this is the first in which pressure can also 
be reduced. In accordance with Reynold’s Theorem, if 
the density of the air in the tunnel is increased four 
fold, the effects of an air stream on a quarter size 
model will be identical with those of normal air on a 
full size plane. When the density of the air is reduced, 
conditions of altitudes up to thirty-seven thousand feet 
can be simulated. The velocity of the air in the tunnel 
can reach four hundred miles an hour. The heat gener- 
ated by the air at this speed will be dissipated in winter 
to cold air outside, but in summer it will be necessary 
to water cool the tunnel. 

The power to move the air at this high speed comes 
from a two thousand horsepower electric motor, which 
drives a thirteen foot, six bladed, variable pitch pro- 
peller. This propeller is interesting, particularly since 
the method of its construction may be widely used for 
airplane ea in the future. It is made by coating 
a core of wood with a hot, resinous plastic, which im- 

pregnates the wood when the blade is moulded at great 
pressure. This construction eliminates crystal fatigue, 
a cause of failure in metal propellers; it also makes a 
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light propeller, so that, if it should shatter, the damage 
done is reduced. Also to protect from flying pieces of 
a broken blade, there is a band of extra steel around the 
tunnel at the propeller mounting. 

One of the most interesting problems in the design 
of the tunnel, one which Professor Markham under- 
took, was that of locating the balances and recording 
apparatus. To maintain the required pressure in the 
tunnel, it must be tightly sealed; milae no one can 
get at the balances while the tunnel is in operation, nor 
could any one stay in the tunnel, because of the pres- 
sure. Aerodynamic forces and moments on a model 
will be measured by the forces required to maintain 
the equilibrium of supporting balances having six 
degrees of freedom. These forces are transmitted elec- 
trically to dials in the control room, where they can be 
recorded. The position of the model during tests can 
be changed electrically from the control room. In 
order to see if the model is still intact during a test, 
there is a glass port between the control room and the 
section in the tunnel where the models are placed. 

The section for the models is elliptical, ten feet wide 
and seven and a half feet high. Models of parts of 
planes or of complete planes will be placed in it for tests. 

The tunnel is now in operation, measuring and 
checking the accuracy of the aio. These measure- 
ments will be taken all winter, and when complete, will 
be compared with results obtained on other of the 
world’s tunnels. In January a report of the proceedings 
to date will be submitted to an aeronautical meeting 
in New York City. 

When the calibration of the balances is finished, the 
tunnel will be used half time for the research of the 
faculty and half time for the research of industry. 
Undergraduate work will continue on the old wind 
tunnel. 

By use of the Wright Brothers Wind Tunnel many 
new Calculations can be made concerning various condi- 
tions of flight, and many discoveries will be made which 
will further the advance of air progress. 
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CO-OPERATIVE COURSE 


The several co-operative courses at Technology 
offer recognized opportunities for a better under- 
standing of industry by the students. The courses that 
are not strictly on a co-operative basis, however, are 
arranged to make it possible for students to obtain infor- 
mation concerning their chosen field of endeavor. The 
four year course at Massachusetts Institute of Technol- 
ogy in aeronautical engineering offers a summer course 
that acquaints the student with production practices 
followed in the aircraft industry by means of a series 
of lectures and plant visits. Two summers during the 
four years are left free, and these periods may be used 
to learn more of the individual branch of the industry 
in which the student plans to work. 

During the a« year at Technology I decided to 
enter airline operation work upon graduation. A tour 
of airlines operating in this country was then chosen 
to augment the regular school work and provide an 
individual study of airline engineering. 

The tour consisted of flights with ten of the major 
airlines and visits through their respective operation 
and maintenance bases. Plans were easily made with 
an airline traffic representative, and the tour was inaug- 
urated early in June at the East Boston Airport. A 
Lockheed Electra of the Boston & Maine Airways pro- 
vided a trip up the coast of New England and into the 
heart of Maine, as far north as Bangor. The Lockheed 
Electra had comfortable accommodations for ten pas- 
sengers, and a window in the door between the pilot’s 
compartment and the passenger cabin gave a chance 
to get a first hand picture of the pilot’s duties in such 
flights. The captain handled all flight and throttle 
controls while the co-pilot gave position and perform- 
ance reports during radio contacts with the ground. 

From Boston an American Airlines Flagship pro- 
vided transportation to Newark. Operating on a regular 
schedule of an hour and twenty minutes between the 
two cities this ship carried twenty-one passengers and 
offered passenger facilities comparable to any that might 
be expected by a traveler using a ground mode of trans- 
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Views of the newly constructed Wind Tunnel at Technology 








portation. At Newark two days were spent in and 
around the bases of the four major airlines operating 
from this terminal, the world’s busiest airport. In the 
air again, this time with Eastern Air Lines, after the 
Newark visit we found that the industrial area between 
Newark and Washington makes unusual scenery when 
viewed from the air. Industrial concerns as pointed 
out by the steward provide interesting landmarks. We 
arrived over Washington as day ended and, after a 
stop for meal service at the Washington Airport, a 
night flight was made down into the Piedmont area. 
On this round trip flight from Washington to Greens- 
boro, North Carolina, I had an opportunity to observe 
flying conditions through thunderstorms. Passing 
through several thunder-heads it was noticed that weird 
effects were produced by lightning playing on and 
around the outside of the ship, but no ill effects were 
experienced by the occupants of the ship other than a 
few “bumps” resulting from the turbulence in the clouds. 

After this flight with “The Great Silver Fleet” of 
Eastern Air Lines, a Boeing transport of the Pennsyl- 
vania Central Airlines was boarded at Washington for 

(Continued on page 182) 
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thermometer was 47 degrees, or 15 degrees above 
freezing point; after ten minutes’ ascent it was only 21 
degrees, or 11 degrees below. When the barometer 
ceased to fall, I marked exactly 18 inches 10 lines (20 in. 
English), the mercury suffering no sensible oscillation. 
From this I deduce a height of 1,524 fathoms (3,100 
yards), or thereabouts, till I can be more exact in my 
calculation. I was now stationary as to the rising and 
falling, and moved only in an horizontal direction. I 
felt a violent pain in my right ear and jaw, which I 
ascribed to the dilatation of the air, in the cellular 
construction of those organs, as much as to the cold of 
the external air. I immediately put on a woolen cap, 
yet the pain did not disappear until I silent 
descended. For seven or eight minutes I had ceased to 
ascend; the condensation of the internal inflammable air 
rather made me descend. I now recollected my promise 
to return in half an hour, and, pulling the string of the 
valve, I came down. The globe was now so much 
emptied that it appeared only a half globe. When I 
was between twenty or thirty fathoms from the earth I 
threw out hastily two or three pounds of ballast, and 
became for a moment stationary, till I descended gently 
in the field, about a league from the place whence I set 
out. The frequent deviations and turnings about make 
me imagine that the voyage was near three leagues, and 
I was gone about thirty-three minutes.” 

The advance of science during the following century 
did nothing to change the principle of Charles’ balloon, 
which was developed first into the power-driven dirigi- 


Engineering students today are the users of 


engineering equipment tomorrow. Many of 
our students in a few years may have the 
responsibility of choosing gears, valves, and 
other equipment that they use on the job. 
These students as yet are unprejudiced — 
they care nothing for impossible claims, 
meant for the general public, which they clas- 
sify as high-pressure salesmanship. If these 
companies would advertise their products by 
giving the background, history, and per- 
formance of their products, they would go 
far in influencing the buying of future engi- 
neers. Such advertising can be brought to 
the attention of the students and teachers 
best by placing it in their own engineering 


college magazine. 








ble balloon or non-rigid airship and finally into the rigid 
airship of the Zeppelin type. The latter consists of a 
rigid frame of aluminum alloy divided into a number of 
compartments, each containing a gas cell identical in 
its fuuctioning with Charles’ original balloon. This 
evolution from balloon to airship was accomplished by 
aeronautical engineers who applied to aeronautics the 
successive advances of contemporary science. 

Means to glide through the air on wings have long 
been available and the example of the soaring birds 
was obvious. However, no man flew until Otto Lilien- 
thal. He was a graduate of the Berlin Technical 
Academy and after ten years of experience in machine 
shops established a successful machinery business of his 
own. From boyhood, he and his brother had experi- 
mented with home-made wings. Lilienthal’s maturity 
came at a time when the mechanical sciences could aid 
him more than they had aided his predecessors of pre- 
ceding generations. Furthermore, he had the training, 
leisure and money to devote to aviation: flight in a 
vehicle heavier than air. 

From 1891 until his tragic crash in 1896, Lilienthal 
made more than 2000 flights in gliders of his own design. 
His conclusions were continuously disclosed to other 
experimenters. He published his data and encouraged 
rivals in other countries to witness his experiments, 
sharing with them his laboriously won knowledge of 
aerodynamics, structural design, stability and control. 
The aeronautical engineers of Germany do well to 

(Continued on page 172) 
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name their professional society, the Lilienthal Gesell- 
schaft. 

Following the death of Lilienthal, gliding experi- 
ments were carried forward by his disciples in other 
countries. Hargraves of Australia developed the box 
kite with two arched biplanes mounted tandem on a 
backbone, a lenginadinge stable structure. In Eng- 
land, Phillips using a wind tunnel discovered the advan- 
tages of superposed arched wing forms. Chanute, a civil 
engineer in Chicago, showed the structural advantages 
of the strut and wire-braced biplane. Mouillard in 
Algeria studied the flight of vultures and endeavored to 
imitate their flexible wings. 

Percy S. Pilcher, Lecturer in Naval Architecture at 
Glasgow University, achieved very substantial success 
in gliding. His glider was similar to Lilienthal’s. In it 
he was launched by means of a line drawn by a group of 
boys or sometimes by a horse. In 1897 he made smooth 
glides 700 feet long from an elevation of 70 feet and 
computed, from his speed of descent, that two “tow 
line’’ horse power would propel him and his glider, 
weighing 220 pounds. 

Pilcher had begun work on a power machine to be 
driven by a screw propeller and oil engine and to be 
mounted on wheels with springs. A competent engineer, 
he was on the straight road to achieving human flight 
in an airplane. However, he was killed in a gliding flight 
made one stormy day (September 30, 1899) to please 
several persons who had come a long distance to see 
him. Had he been more cautious, or more lucky, he 

(Continued on page 173) 
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might have survived to develop his glider into an air- 
lane. But to do so he would have had to discover that 
= had means of control about only two of the three 
degrees of freedom of a free body (pitch and yaw) and 
that he needed to add a third control (rolling) by the 
invention of the aileron or equivalent wing warping. 

At about this same time, a more eminent aeronaut- 
ical engineer was experimenting with the problem of 
flight in America. Dr. S. P. Langley, Secretary of the 
Smithsonian Institution, determined the aerodynamic 
— of model wings from tests on a whirling arm, 
and from his calculations constructed a steam-driven 
model aeroplane in 1896 which flew for over half a mile. 
Langley was able to write: “I have brought to a close 
the portion of the work which seems to be peculiarly 
mine—the demonstration of the cemneieaaliee of 
mechanical flight.”” This statement from such an 
authority must have done much to counteract the pre- 
vailing opinion that flying machines were in a class with 

se motion. His machine, however, had the same 
undamental defect as Pilcher’s, lack of control about 
the axis of roll. 

In August, 1903, Langley launched a three horse 
power gasoline-driven model of a projected man- 
carrying monoplane. It seemed to fly perfectly. In 
September, he attempted to launch the fall size machine 
of 48 feet wing spread from a catapult mounted on a 
barge in the Potomac River. An error in the launching 
broke a strut. A second attempt at catapult launching 
was disastrous and Langley was subjected to unmiti- 

(Continued on page 174) 
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gated censure and ridicule. A few contended that 
Langley had constructed a machine which, properly 
launched, was capable of sustained flight. As an aero- 
nautical engineer, Langley had skilfully applied the 
knowledge of his time but, as in the case of Pilcher, it 
is pure conjucture whether, given more time, he would 
have solved the problem of lateral control. However, 
Langley as a pioneer laid foundations for the success of 
others and convinced the world that human flight was 
possible. 

Langley’s very real contribution to the development 
of aeronautical engineering was largely due to his 
“project engineer’, Charles M. Manley. This young 
Cornell graduate in Mechanical Engineering, got his 
first job as Langley’s assistant. When it was found that 
a gasoline engine suitable for a man-carrying airplane 
could not be procured from any manufacturer in Europe 
or America, Rinsley was directed to “make one” in the 
Smithsonian shops. Such an order seems, from this dis- 
tance in time, to be most unreasonable. However, Mr. 
Manley once told me that he had in fact recommended 
himself for the job. The incredible happened and, 
whatever might be the defects of Langley’s aeroplane, 
Manley’s engine proved to be the most perfect thing of 
its kind the ant had yet seen. Seaaier, as an aero- 
nautical engineer, applied the mechanical engineering 
knowledge of his time to create the first radial airplane 
engine. With five cylinders it developed 52.4 B.H.P. at 
930 R.P.M. on a bare weight of 125 lbs. With radiator, 
water, pump, tanks, and accessories, the gross weight was 
scarcely five pounds per B.H.P. As the aeroplane with 
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pilot weighed 830 pounds (with wings loaded less than 
1.5 pounds per square foot), the power of the engine was 
more than adequate. 

Langley’s name is perpetuated by Langley Field, 
the Army Air Corp’s base at Hampton Roads, and by 
the Langley Memorial Laboratory of the National 
Advisory Committee for Aeronautics, while Manley is 
somewhat less handsomely remembered by the Manley 
Medal awarded by the Society of Automotive Engineers. 

While Langley and Manley were convincing the 
world of the practicability of human flight, Wilbur and 
Orville Wright of Dayton were building bicycles and 
studying their work and that of others. The Wright 
brothers were perhaps not so conversant with the 
scientific knowledge of the nineteenth century as 
Lilienthal, Pilcher, Langley and Manley, yet they 
somehow had a perfect appreciation of scientific method 
and. moreover, were expert mechanics. They had a 
ponies for independent verification of reported facts. 

ot content with Langley’s tables of the lifting proper- 
ties of surfaces, they built a small wind tunnel of their 
own and discovered that the wings of gliders need not 
be so large if they were properly curved. They also dis- 
covered that the center of pressure varied in a peculiar 
manner with the angle of incidence. Incorporating their 
new data into the design of a glider to check the wind 
tunnel results, they sought the most windy spot in the 
country for practical experiments. From a sand dune 
near Cape Hatteras they made a number of short glides 
in the summers of 1900 and 1901. In 1902, several 

(Continued on page 176) 
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hundred flights were made with an improved glider. 
These gliders were biplanes, somewhat like Chanute’s, 
but their progressive improvement in efficiency was of 
secondary interest to the fact that here, for the first 
time, was a practical glider provided with means of 
control about all three axes (pitch, yaw, roll). The 
Wright brothers had solved the problem of controlled 
flight which had eluded Langley and a host of other 
competent experimenters. 

In 1903, the Wrights applied a 16 H.P. gasoline 
engine and two chain-driven propellers to a glider. 
Like Manley, they had to design and build their own 
engine, and like Manley, they were successful. The 
Wrights were inventors of supreme genius but also 
aeronautical engineers in the best sense. Their inven- 
tion of what came to be known as the “three rudder 
control” would have been of no value to them if they 
had not been able to build light, strong and aero- 
dynamically efficient wings, to learn to fly by trial and 
error, to build a light enough engine, and finally to 
build efficient propellers of a new kind. 

The propeller problem is an interesting example of 
i: engineering as distinguished from inven- 
tion. When the Wrights knew from methodical tests 
what power and thrust were necessary to make their 
glider into a power-driven airplane, they knew what the 

ropeller must do to ensure success. The available 
Coie on propellers dealt with marine propellers working 
in water 800 times as dense as air. The blades were 
thick and short and entirely inadequate for air propul- 
sion. From a fundamental consideration of the mechan- 
ics of the propeller, the Wrights independently discov- 
ered Froude’s theory of propeller action and anticipated 
the modern blade element method of design. The pro- 
peller thrust was considered to be created by the lift 
of elements of the blade moving like an airplane wing 
but in a helical path. From wind tunnel tests, the lift 
on such blade elements was known, and from this data 
the thrust of a whole blade was computed. Their cal- 
culations indicated that a propeller of impossibly large 
diameter and low revolutions would give best efficiency. 
This impass was solved by the employment of two pro- 
pellers of convenient diameter driven from the engine 
at optimum speed by bicycle chains running over 
sprockets. It is possible that the propellers of the first 
Wright airplane were about as efficient as could be made 
today. 

The airplane of 1903 was launched four times from 
skids by a falling weight and tow line on December 17. 
The best flight was 852 feet, not a remarkable per- 
formance. In 1904, near Dayton, 105 flights were made, 
many circling a field and one measuring nearly three 
miles. The brothers were gradually improving the 
apparatus and cautiously improving their skill in the 
novel control they had invented. The next year flights 
of 12, 15, 21 and 24 miles were made. 

In 1908 the world was astonished by flights of over 
an hour’s duration by Orville Wright at Washington 
and by Wilbur Wright in France. For the first time in 
the history of the world men could travel through the 
air in controlled sustained flight. 

The Wrights created a new industry, a new weapon 
of war, and a new vehicle of peaceful commerce. They 
also created opportunities for future generations of 
aeronautical engineers. 

The airplanes of today are still built strictly in 

(Continued on page 183) 
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PRE-FLIGHT TESTING OF LARGE COMMERCIAL AIRCRAFT 


(Continued from page 165) 


its mechanical parts. Until recently it has been the 
custom to make a few static tests, and construct a 
rough mock-up to give a general idea of the suitability 
of parts or units comprising the airplane. Now the 
most elaborate and painstaking simulation of actual 
conditions and parts allows engineers to eliminate 
doubtful procedure in all important units before instal- 
lation in the airplane. 

Typical of such procedure is the set-up I had the 
opeerniney to examine last month at the St. Louis 
ie of Curtiss-Wright, where the new 30-passenger 

odel CW-20 Transport is under construction. Full 
size working specimens of various units are rigged 
up in different parts of the assembly department. These 
are tested and studied until proven satisfactory before 
installation or attachment to the airplane. 

For example, the hydraulic system for actuating 
the landing gear, wing slots and flaps and the Sperry 
gyropilot is installed in a rig where it is being subjected 
to tests equivalent to 10,000 hours of operation. The 
new type landing gear which fully retreats into the 
engine nacelles at either side of the body, is also under- 
going tests, including a drop test in which fully loaded 
loaded conditions are simulated. The gear is subjected 
to impacts similar to those which will be encountered 
in descent at the rate of 900 feet per minute. The new 
Civil Aeronautics Authority test requires that the land- 
ing gear withstand an impact equivalent to a rate of 
descent of 450 feet per minute. 

Engine installation has been given particular atten- 
tion. A test rig supports the engine completely enclosed 
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in a cowl similar to those to be used in the final ship- 
Connected to the engine rig through a long arm is a 
desk on which are installed complete engine instru- 
ments, including throttle, etc. The whole device is 
mounted on casters so it may be rolled outside the 
factory and operated at various angles to study cooling 
under changing conditions with and against the wind. 
One of the 1,500 horse power Wright Cyclone engines 
is run at various speeds and under different conditions 
so that study can be made of the airflow around the 
cowl, of cooling conditions, vibration and the operation 
of engine controls and instruments. Actual engine 
installation conditions are simulated to a close degree. 
Fuel and oil lines, fire wall, engine mount, oil cooler, 
etc., are actually those to be used on the completed 
— The three-bladed propeller used is one of the 
atest full-feathering Curtiss electric types, having a 
diameter of 15 feet. 

For sub-stratosphere flying all joints in the metal 
skin are air tight, and a pressure bulkhead is built into 
the fuselage forward of the tail group. Wing skin joints 
and transverse former rings in the cabin and pilots’ 
compartment are designed to withstand an internal 
pressure of five _—— per square inch greater than the 
outside atmosphere. 

Performance data of the Model CW-20, which 
weighs 18 tons, indicates a maximum speed of 237 
miles per hour and a range of 2,000 miles in the sub- 
stratosphere. It should be capable of ascending to an 
altitude of 14,800 feet with one engine idle, and its 

(Continued on page 183) 
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TRENDS IN PRIVATE PLANE DESIGN 
(Continued from page 160) 


coque fuselages gain one or two new adherents every 
year. The cantilever wings on small ships show a 
strong tendency to adopt Dee section spars similar to 
sailplane construction. The use of all-metal construc- 
tion is showing a steady but slow increase, though it is 
not an exact copy of large-ship methods. Stamping 
and single-sheet sub-assembly to reduce riveting is 
prevalent. 

There is a great deal of technical interest in the use 
of plastics for airplane construction, and while it can- 
not yet be said to be a trend, the appearance this year 
of the Clark Duramold airplane has focused attention 
on the subject. Pure plastic construction is probably 
far in the future, but the use of plywoods soft-molded 
to three dimensional curves and a and bonded with 
resin products is already here. It is but a step to mold 
in reinforcements, perhaps with wire tension members, 
like reinforced concrete, needing only attachment at 
their seams. The Clark airplane has the smoothest 
conceivable finish. The construction is known to be 
light and simple and will probably be very durable. 
Its adaptability to large production and methods of 
repair are not yet determined, but it looks promising 
indeed. 1939 should see the appearance of several all- 
wood airplanes using bakelite liadine and gluing. 

In conclusion, let us assume that our analysis of 
trends has been correct — a very dangerous assump- 
tion in this business — and see what effect these will 
have on the marketing picture. First, they will raise 
the performance of the lower priced types throwing 
emphasis away from the bigger, more expensive ships. 
Secondly, they will permit the use of smaller airports, 
or at least two-way airports since the tri-cycle planes 
can be taken off and landed crosswind. Our present air- 
ae system, serving the needs of all craft flying, will 

e split into two systems, one for the transport lines, 
akin to the railroad system, and the other like our 
current highway system. A larger group of private 
owners will develop, and their al will lead to 
further conveniences, less regulation, and airports closer 
to town catering only to the private owners. 
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INSTRUMENT LANDING RESEARCH 
AT TECHNOLOGY 
(Continued from page 163) 


straight line as in Fig. 2. The patterns of these three 
lights for other attitudes and positions of the airplane 
will immediately suggest themselves. It is sufficient to 
say that if an airplane in making a landing by means of 
these three lights, were to keep the two outer lights 
equidistant from the center light as viewed through the 
windshield and the center light always at the same 
point on the windshield, a straight line landing path 
would be described. On this basis it would appear that 
a minimum of control would be necessary in making a 
landing. 

With a visual landing system of this nature in his 
mind, Mr. Metcalf asked the Institute if it thought the 
illusion of the three lights could be reproduced by radio 
means, so as to form the basis of an instrument landing 
system in which the pilot could at once associate the 
indirectly produced light pattern on an instrument face 
with a mental image of the geometrical relation of his 
airplane to the airport runway on which he is to land. 

A huddle here at the Institute, in which Professors 
Draper of the Department of Aeronautical Engineer- 
ing and Professors Barrow, Hall and Bowles of the 
Department of Electrical Engineering participated, led 
us to the conclusion that the problem could be tackled 
for the Bureau with substantial hope of success. We 
were later authorized to undertake the development of 
a laboratory instrument that would do by radio means 
in rain, snow and fog, what Metcalf’s three-light appar- 
atus would do under ordinary conditions of good visi- 
bility. 

The cathode-ray tube seemed to offer a ready means 
for obtaining three spots which could be moved about 
to simulate the Metcalf lights. At the outset of our pre- 
liminary consideration of the problem, Dr. Hall sug- 
gested that attitude or orientation information for land- 
ing could be obtained from the gyroscopic instruments 
already a part of at least the large airplane’s equipment. 
This information could be taken off the “gyro” instru- 
ments by electrical means. His further suggestion was 
to take position information from two pairs of crossed 
radio beams. Two of these intersecting or crossed radio 
beams would give information as to whether the air- 
plane were above or below the landing reference path 
of Fig. 1, and a second pair of crossed beams would 
effect an indication as to whether the airplane were 
to the right or to the left of this landing reference path. 
The use of signal ratios rather than signal strength 
directly as in the ordinary curved landing beam seemed 
to offer obvious advantages. 

Thus it was believed that by hitching a gyro- 
horizon, directional-gyro (or radio compass), and radio- 
beam information to a cathode-ray tube as an indicator, 
the Metcalf illusion could be realized. 

At this point Dr. Barrow’s work on horns as short- 
wave antennas fitted in uniquely. It was appreciated 
that although crossed beams giving “right-left” informa- 
tion in a horizontal plane were not difficult to produce. 
the realization of “up-down” beams to give informa- 
tion in a vertical plane was not so simple. To realize 
this up-down information in a reliable form and in a 
form to yield a straight line glide path, any appreciable 
effect of the ground on the radiation pattern of the 
radio beams would have to be eliminated. The Barrow 
horns were suggested and they have since proved their 
worth. 

Briefly, the M. I. T. radio embodiment of the 

(Continued on page 184) 
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CO-OPERATIVE COURSE 
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a flight to the Midwest. The trip on this airline extended 
to Milwaukee, with stop-overs at Pittsburgh, Cleveland, 
and Detroit for inspection visits at the airports. The 
Pennsylvania Central Airlines is pioneering with the 
innovation of painting airliners, and some interesting 
research along this line was observed at their base in 
Pittsburgh. Heretofore the exteriors of the all metal 
airliners have been painted only to the extent of letter- 
ing insignia and numerals. 

At Milwaukee a short trip by means of surface 
transportation was made to Chicago, where two days 
were spent around the maintenance and operation bases 
of the various airlines. American Airlines have located 
their main base at Chicago, although they plan to move 
to the New York Airport now under construction. 
During the tour the operation bases of TWA, United 
Air Lines, Northwest Airlines, and Pennsylvania Cen- 
tral Airlines, as well as American Airlines were visited 
and it was found that their facilities enable them to 
completely rebuild the airliners operated by the respec- 
tive companies. 

From Chicago I flew northwest in a Northwest Air- 
lines Lockheed to Minneapolis and St. Paul, and after 
some time visiting at both ports made a return flight 
to Milwaukee. The Lockheed Sky Zephyrs, on order 
at the time of this flight, are now operated by Northwest 
Airlines on the world’s fastest commercial schedules. 

At Milwaukee a transfer was made back to the 
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Pennsylvania Central Airlines and our steps were 
retraced to Washington where a Douglas Flagship of 
the American Airlines provided a flight to Newark. 
The sky appeared clear as we left Washington, but after 
passing Baltimore the ship went on top of an overcast. 
Upon arrival near Newark we noticed three other air- 
liners circling between us and the clouds below. Wait- 
ing our turn to make an instrument approach at Newark 
we watched the other ships disappear one by one into 
the clouds. After approximately twenty minutes we 
started losing altitude and lowered through the clouds 
as the pilot worked out a beam problem that brought us 
out of the overcast in a position for landing at Newark. 

This third stop at Newark provided for a two-day 
visit in the traffic offices of the various airlines located 
in New York City. After this visit, the luxury of a four 
hour and fifteen minute flight, thirty minutes ahead of 
schedule, from Newark to Chicago, was experienced 
aboard a TWA Douglas SkyClub. Visits in the Chicago 
traffic offices followed, and a flight by Braniff Airways 
was taken from Chicago to Kansas City. Braniff at 
the time used Lockheed Electras on this branch of their 
Chicago-Brownsville route, but because of a healthy 
traffic growth Douglas equipment has now been placed 
in operation out of Chicago. 

The Kansas City base of TWA provided an interest- 
ing education in precision and thoroughness as practiced 
in airline maintenance procedures, and after the visit a 
TWA Skyliner was boarded for a flight to Albuquerque, 
New Mexico. After an interesting flight with stops at 
Wichita and Amarillo, the town of Albuquerque is 
crossed and the plane lowers for the landing at Albu- 
querque Airport. Here a Lockheed Twelve of the Con- 
tinental Air Lines was boarded for a flight along the 
Continental Divide to Pueblo, Colorado. At the time 
of this flight the Lockheed Twelve stood as the fastest 
transport in the world, and with the aid of a slight 
tailwind our plane made the three hundred and five 
miles between Albuquerque and Pueblo in an hour and 
fifteen. minutes flying time. 

From Pueblo I flew north to Denver in a single 
motored Lockheed Orion of the Inland Airways. This 
ship was flying its last regular for the airline and was 
replaced the next day by bi-motored equipment. Only 
multi-engine equipment is now used on scheduled air- 
lines in this country. 

At Denver we changed to a Boeing airliner to con- 
tinue our flight north with Inland Airways. The Boeing 
carried us by way of Cheyenne to Casper, Wyoming, 
where we inspected the base of Inland Airways. Meet- 
ing the sei. of the line, I noticed a microphone and 
receiver upon his desk and asked him the purpose for 
so locating the instruments. In answer he picked up 
the microphone and secured flight information from 
one of his pilots who was flying on a run two hundred 
miles to the north. After the interesting visit to Casper 
a return was made to Cheyenne where two days were 
spent at the central maintenance base for United Air 
Lines. During the flight north from Cheyenne several 
changes were made in airline operations, necessitating 
flight by United Airlines to Denver and by Continental 
Air Lines from Denver to Albuquerque. 

From Albuquerque I continued west via Winslow 
to Los Angeles aboard a Douglas SkyClub of TWA. 
The route from Winslow to Los Angeles swings to the 
north and provides what is probably the most scenic 
flight in this country, taking in the Grand Canyon, 
Lake Mead, and Boulder Dam. (Continued on page 183) 
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A week was spent in and around Los Angeles visit- 
ing the aircraft manufacturing plants that produce 
over ninety-five per cent of the flying equipment in use 
on the airlines in this country. A flight of the United 
Air Lines to the north was then boarded and an enjoy- 
able flight was experienced up the California coast to 
Oakland. At the Oakland Airport a session was spent 
in the ground and flight school at the Boeing School of 
Aeronautics. 

Returning on an overnight schedule via United Air 
Lines to Los Angeles, TWA to Newark, and American 
Airlines to Boston, we enjoyed a good night of sleep and 
the experience of a hail storm over Kansas that enforced 
a delay of an hour at Wichita. 

Reviewing the tour we find that over ten thousand 
miles were flown, sixty-five airports visited, with the 
traveling cost for such a trip coming to about five 
hundred and twenty-five dollars. 


Drxon Spseas, ’40 XVI. 


LITTLE BROTHER 


The instrument tunnel (photograph on opposite 
page) which was completed last year is an example of 
the results that can be obtained by the N. Y. A. stu- 
dents under adequate direction. Not only does work of 
this type give financial aid to the student, but it also 
results in something that will be of permanent use to 
the Institute. 

The design of the tunnel was carried out by members 
of the Aeronautical staff, but nearly all of the work 
was done by a small group of N. Y. A. in their spare 
time. Since the whole shell of the tunnel is a stiffened 
plywood construction, there was no need of any special 
tools for the job. Being constructed in several parts, 
all the students assigned to the job could work in co- 
operation with one another or separately as the case 
required. 

The photograph shows the tunnel’s continuous tube 
design. In each of the four corners this design makes 
necessary a group of vanes to turn the flow of air 
smoothly around the corners without the loss of too 
much energy or the sacrifice of a uniform flow in the 
test sections of the tunnel. The shaping of these vanes 
gave the students no small amount of trouble. 

The most outstanding feature of this tunnel is 
that it has four test sections instead of the usual one. 
The study and calibration of many types of instruments 
which are affected by air movement requires that the 
tunnel produce a wide range of air velocities. This 
range is provided by having four test sections in series 
which vary in diameter from sixty to seven inches. 
This feature in conjunction with a variable speed motor 
makes available an air velocity ranging from one-half to 
two hundred feet per second. A three horse power direct 
current electric motor drives the propeller which 
provides the wind stream. 

Such a range will make possible research leading to 
the development of air velocity instruments, including 
convection current instruments such as might be used 
in heating and ventilating problems, weather bureau 
anemometers, and air speed meters for aircraft. 

The N. Y. A. students were also found to be helpful 
in calibrating the tunnel. After introducing three 
screens of netting just before the large test section, 
the tunnel characteristics were found to be quite 
satisfactory. 


Henry Hoaptey, Gr. XVI. 
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PRE-FLIGHT TESTING OF 
LARGE COMMERCIAL AIRCRAFT 
(Continued from page 177) 


service ceiling with both engines operating normally will 
be 33,000 feet. 

The test program has been preceded by 250,000 
man-hours of engineering research and design, exten- 
sive wind tunnel tests, and the construction of the 
complete full scale mock-up. At least another 50,000 
man-hours of engineering will be conducted before the 
airplane will be ready for its initial flight scheduled for 
the early spring. 

GeorceE F. McLoueux.in, 
Editor of Aero Digest. 
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accordance with the principles of the first Wright air- 
plane. Control is provided about the three axes in 
space, lift is given by the dynamic reaction of the air, 
propulsion is by propellers. ‘The performance of modern 
airplanes has been vastly improved by further knowl- 
edge of aerodynamics, materials of construction, struc- 
tural analysis, fuels, lubricants, engines, gears, carbure- 
tors, ignition, together with applications of new 
knowledge in meteorology, radio, physiology, and allied 
fields. Nevertheless, the airplane is still basically of 
the Wright type and its two great defects are still as 
the Wrights left it. The airplane cannot leave the 
ground nor return to it unless it has sufficient flying 
speed, and it goes out of control unless flying speed is 
maintained. Some day another great invention is due 
which will overcome even these defects. 

Monuments to the Wright brothers have been 
erected on Kill Devil Hill on the North Carolina Coast 
and at Le Mans in France where the first flights were 
made. The Royal Aeronautical Society of London and 
the Institute of the Aeronautical Sciences of New York 
each present annually a Wright Memorial Lecture. 
Technology is just completing the Wright Brothers 
Wind Tunnel as a memorial to the methods of con- 
trolled experiment consistently applied by Orville and 
Wilbur Wright in their historic conquest of the air. 
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INSTRUMENT LANDING RESEARCH AT TECHNOLOGY 
(Continued from page 180) 


Metcalf three-light instrument landing system may 
comprise for its airplane equipment a cathode-ray tube 
as the indicating instrument, a gyro-horizon with elec- 
trical take-offs to depict pitch and roll attitudes on the 
cathode-ray tube instrument face, a directional-gyro 
with electrical take-off to depict heading on this instru- 
ment, and a double overlapping-beam receiving system 
to give the electrical control necessary to indicate 
whether the airplane is above, below, to the right, or 
to the left of the landing reference path. The associated 
ground equipment would comprise a radio transmitter 
system capable of producing two separate crossed beams 
to operate the airplane receiver. 

Another instrument indication system is to have the 
gyro-horizon unit control two outer spots on the 
cathode-ray tube face, depicting pitch and roll; the 
radio beams control the center spot moving it up or 
down, to the right or to the left, as the airplane Dies 
respectively below, above, to the left or to the right of 
the landing reference path; and the Cehoesi:jaiitan 
unit control all three spots moving them either to the 
right or left to depict heading. These conditions are 
shown in Fig. 3. 
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Another form of indication is illustrated in Fig. 4 
where the center spot controlled by the radio landing 
beams is now formed into a circle and where the two 
outer spots are now formed into a bar corresponding to 
the “horizon” bar of the usual artificial or gyro-horizon. 
In the M. I. T. embodiment, the bar is given an addi- 
tional movement to the right or left corresponding to 
heading. 

The idea of a bar and circle had already been used 
by the Sperry Gyroscope Company on its Flight Ray, 
an instrument in whisk a cathode-ray tube face may 
carry the indications from a number of flying instru- 
ments including those necessary for landing operations. 

The instrument developed by the Institute is appli- 
cable to enroute flying as well as to instrument landing, 
for it yields information usually given by the gyro- 
group of instruments. The gyro instruments may now 
be “remoted” or placed elsewhere than on the instru- 
ment panel. F wa iti several cathode-ray indicat- 
ing instruments may be operated from the same control 
so that in a large ship multiple stations are readily 
realized. 

The project has gone forward rapidly largely through 
the assistance of a staff including Dr. John D. Trimmer, 
who worked last year under Professor Draper’s direc- 
tion, Mr. Frank D. Lewis, who has been with the 
project since its beginning, and Mr. Donald E. Kerr, 
another enthusiast who joined us this year. Mr. Lewis 
and Mr. Kerr are assisting Dr. Barrow on the radio 
part of the problem. 

In conclusion, I wish to emphasize the benefits of 
co-operation within the Institute and without. Within, 
there has been excellent co-operation between the Aero- 
nautics and the Electrical departments, thus bringing 
together the talents of specialists of the two groups. 
We have also had whole-hearted co-operation and sup- 
port from the various groups of the Civil Aeronautics 
Authority, and most sympathetic and helpful aid from 
the Army Signal and Air Corps. Through the co-opera- 
tion of the Sperry Gyroscope Company we have been 
able to avoid costly duplication particularly in our 
study of electrical means of “taking off” gyro informa- 
tion to control the indicating instrument. Finally, the 
International Telephone Development Co. Inc., a 
part of the International Telephone and Telegraph 
Company which has had the American rights to the 
Lorenz system, has been constructively helpful in giving 
us the advantage of its own experience in this field. 
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“PINHOLE DETECTOR” 


OUNTING traffic, guarding jewels, opening doors—all 
are in the day’s work for photoelectric relays. 

But in a great rolling mill one is acting in the unusual role 
of pinhole detector, a role developed by General Electric 
at the suggestion of the Bethlehem Steel Company. As 
steel strips, a yard wide, leave the uncoiling machine at 
a:speed sometimes approaching goo feet a minute, the 
G-E relay looks for defects—“ pinholes.” 
When the light beam of the unit, aimed at the strip, hits 
any defects, a diverter mechanism goes into action and 
throws faulty sections off the production line. 
On that part of the G-E Test course known as “ Industrial 
Control Test,” student engineers sometimes work with 
these ingenious devices, testing and experimenting in a 
search for new applications. 





100,000 HORSEPOWER 


N 80,0co-kilowatt turbine-generator, using steam at 

a pressure of 1250 pounds per square inch and at 

goo F in a single cylinder to generate 100,000 horsepower, 

is being built at General Electric’s Schenectady Works. 

It will be installed in a new $9,500,000 steam-electric 
station at Oswego, N. Y. 

The latest results of constant research and experiment by 

G-E turbine engineers are embodied in this new unit. It 

will be the first large 1200-pound condensing unit built in a 

single casing; the generator will be hydrogen-cooled to 


¢ 


reduce windage losses; special alloys are being used to meet 
high pressures and temperatures. 

The gigantic boiler is as large as a g-story building 36 feet 
wide and 54 feet deep. Steam will shoot from it into the 
turbine at a pressure of 1250 pounds per square inch. One 
twentieth of a second later the steam will be coal water, 
the effect of the amazing change being to drive the unit’s 
rotor at 1800 revolutions a minute. 


Soon the foremen will report—‘ work completed.” Tests 
will begin, calling into action student engineers—recent 
graduates of engineering schools and colleges. Then, an 
estimated 14 months after work began, the turbine will be 
shipped from Schenectady. 





FROM MODERNISTIC CABINETS 
TO 36-INCH STEEL PIPE 


HEN inspectors of the City of Los Angeles Water 

Department were confronted by 13,000 feet of steel 
pipe waiting for their inspection, they were dismayed. 
For inspection meant checking every square foot of the 
pipe to see that the layers of enamel were of a specified 
thickness on both the inner and the outer surfaces. 


It meant the tedious task of stripping and micrometering 
samples of the pipe at random, the accepted but not in- 
fallible method. 


On a search for a better way went one of the inspectors. 
He found a magazine article about General Electric’s 
electromagnetic thickness gages being used to measure, 
without marring, the thickness of the enamel coating on 
refrigerator cabinets. The aesthetic difference between a 
modernistic cabinet and a steel pipe didn’t bother the 
inspector—he simply bridged the gap with his imagina- 
tion. 

A gage was adjusted to the requirements of the unusual 
situation; with it the inspectors did the job better, more 
quickly, more accurately, and more easily. Not only did 
the gage, with its fingers of magnetic flux, check the entire 
surface of the pipe, but it reported back the thicknesses 
with an accuracy of a thousandth of an inch. 
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